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(54) INFORMATION RECORDING/REPRODUCING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To detect a high-resolution and low-noise reproducing signal from a recording 
magnetic zone without using any special low-yield magnetic flux detecting means. 

SOLUTION: This device is provided with a heating means for locally heating a recording medium having a recessed 
and projecting structure in its surface, a magnetic field applying means for applying a magnetic field near a heating 
position on the recording medium, and a magnetic flux detecting means for detecting a magnetic flux by scanning 
on the recording medium. The magnetic flux detecting means for detecting a magnetic flux by scanning on the 
recording medium is provided with a recording magnetic zone having a track center placed on a land and the width 
of a track orthogonal direction set equal to a land width or larger, and/or a track orthogonal direction sensitivity 
width equal to a land width (W1) or higher and equal to or lower than the sum (2 x Wg+W1) where Wg is groove 
width. Thus, a recording density is increased, and costs per capacity of the information recording/reproducing 
device are reduced. 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner s decision of rejection] 

[Kind of final disposal of application other than the 
examiners decision of rejection or application converted 
registration] 

[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiners decision of 
rejection] 

[Date of requesting appeal against examiner s decision of 
rejection] 

[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



http://www 1 9.ipdl.jpo.go.jp/P A 1 /result/detail/main/wAAAHZaW6ADA4 1 23 53 30 1 P 1 .htm 



12/31/2003 



* NOTICES * 



Page 1 of 1 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] An information record regenerative apparatus which carries out record playback of the information to a record 
medium holding information by record magnetic domain on a magnetic-recording film produced by the base surface 
which is characterized by having the following, placing a truck center on a land, and forming said record magnetic 
domain whose width of face of the truck rectangular cross direction is more than a land width, and which has concavo- 
convex structure on the surface. A heating means to heat this record medium locally A magnetic field impression means 
to impress a magnetic field near the heating location on said record medium A magnetic-flux detection means to scan 
said record-medium top and to detect magnetic flux 

[Claim 2] An information record regenerative apparatus using a record medium which holds information by record 
magnetic domain on a magnetic-recording film produced by the base surface which is characterized by providing the 
following, and which has concavo-convex structure on the surface A heating means to heat this record medium locally 
A magnetic field impression means to impress a magnetic field near the heating location on said record medium A 
magnetic-flux detection means to scan said record-medium top with the truck rectangular cross direction sensitivity 
width of face below the sum (2xWg+Wl) of the twice and a land width of more than a land width (Wl) and groove 
of face (Wg), and to detect magnetic flux 

[Claim 3] An information record regenerative apparatus using a record medium which holds information by record 
magnetic domain on a magnetic-recording film produced by the base surface which is characterized by having the 
following, placing a truck center on a land, and forming said record magnetic domain whose width of face of the truck 
rectangular cross direction is more than Wl, and which has concavo-convex structure on the surface. A heating means to 
heat this record medium locally A magnetic field impression means to impress a magnetic field near the heating location 
on said record medium A magnetic-flux detection means to scan said record-medium top with the truck rectangular 
cross direction sensitivity width of face below more than Wl and 2xWg+Wl, and to detect magnetic flux 
[Claim 4] An information record regenerative apparatus characterized by having a means which changes the magnetic 
field impression direction in an optical spot location reflecting information to record in an information record 
regenerative apparatus according to claim 1 to 3. 

[Claim 5] An information record regenerative apparatus characterized by being Wg<=Wl in an information record 
regenerative apparatus according to claim 1 to 4. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] In the information record regenerative apparatus using the record 
medium which holds information by the record magnetic domain on the magnetic-recording film produced by the base 
surface which has concavo-convex structure on the surface, this invention records information by heat magnetic 
recording, and relates to the information record regenerative apparatus which detects the magnetic flux on said record 
medium, and reproduces information. 
[0002] 

[Description of the Prior Art] In "the conventional information record medium in which both optical magnetic 
reproducing and magnetic reproducing are possible and its record regenerative apparatus 11 (the conventional technology) 
which are looked at by JP, 10-2 1598, A, it was recording by irradiating the record light from the light source, heating it 
over a substrate, to the magneto-optic-recording film formed on the record medium, and forming a reversal magnetic 
domain. Moreover, informational playback formed the 2nd magnetic layer on irradiating the playback light from the 
light source over a substrate to the above-mentioned magneto-optic-recording film, and detecting the rotatory 
polarization of the reflected light, and a magneto-optic-recording film, and was performed by performing magnetic- 
leakage-flux playback from this 2nd magnetic layer. 

[0003] Moreover, in "the magnetic head and its manufacture method" (the 2nd conventional technology) which are 
looked at by JP,2665022,B, the method of manufacturing the magneto-resistive effect element for which the record 
sensitivity profile curved was indicated corresponding to the record magnetic domain of abbreviation falcation formed 
of light pulse magnetic field modulation record by forming a magneto-resistive effect film on the base material which 
has a bend. 
[0004] 

[Problem(s) to be Solved by the Invention] When performing heat magnetic recording using the narrowed-down optical 
spot to a diffraction limit generally, the method by light pulse magnetic field modulation record can secure a record 
power margin widely, and is made advantageous. However, in light pulse magnetic field modulation record, since the 
magnetization direction of an approximate circle form field is determined for every one light pulse exposure, a record 
magnetic domain serves as abbreviation falcation as a result. For this reason, when a sensitivity profile is reproduced 
with the usual magnetic-flux detection means which is an abbreviation straight line-like, it has the problem on which re- 
biodegradation ability deteriorates. This is for the time of day when a magnetic-flux detection means passes a magnetic 
domain wall to change with distance from a truck center, and for the response waveform from a record magnetic domain 
to spread in the direction of a time-axis. Moreover, at the tip of the record magnetic domain of abbreviation falcation, 
magnetic domain walls approach very much and it is easy to generate the magnetic-domain configuration which 
becomes unstable and is not expected. Since the response from this portion becomes a different thing from the user data 
originally recorded, it serves as a noise and serves as hindrance of normal user data playback. The above result, 
recording density could not fully be raised and it was disadvantageous in respect of the size of an information record 
regenerative apparatus, and the cost of an information record regenerative apparatus. 

[0005] Moreover, in order to form a magneto-resistive effect element on the bend of a base material with the 2nd 
conventional technology, the yield on element manufacture was low and disadvantageous in respect of the cost of an 
information record regenerative apparatus. 
[0006] 

[Means for Solving the Problem] In an information record regenerative apparatus using a record medium which holds 
information by record magnetic domain on a vertical-magnetic-recording film produced by the base surface which has 
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concavo-convex structure on the surface in order to solve the above problem A heating means to heat this magnetic- 
recording data medium locally, and a magnetic field impression means to impress a magnetic field near the heating 
location on said record medium, It has a magnetic-flux detection means to scan said record film top and to detect 
magnetic flux, and a truck center is placed on a land and said record magnetic domain whose width of face of the truck 
rectangular cross direction is more than a land width is formed. 

[0007] Or an information record regenerative apparatus using a record medium which holds information by record 
magnetic domain on a magnetic-recording film produced by the base surface which has concavo-convex structure on the 
surface is characterized by having the following. A heating means to heat said magnetic recording locally A magnetic 
field impression means to impress a magnetic field near the heating location on said record medium A magnetic-flux 
detection means to scan said record-medium top with the truck rectangular cross direction sensitivity width of face 
below the sum (2xWg+Wl) of the twice and a land width of more than a land width (Wl) and groove width of face 
(Wg), and to detect magnetic flux 

[0008] Even when light pulse magnetic field modulation record advantageous to especially high linear-density record is 
used by the above configuration, deterioration of re-biodegradation ability resulting from a curve of a record magnetic 
domain is suppressed. Moreover, generating of a noise resulting from instability of a point of an abbreviation falcation 
record magnetic domain is also suppressed. For this reason, it becomes possible to raise recording density, without using 
a low special magnetic-flux detection means of a yield, and becomes very advantageous in respect of size of an 
information record regenerative apparatus, and cost of an information record regenerative apparatus. 
[0009] 

[Embodiment of the Invention] Hereafter, the concrete operation gestalt of this invention is explained to details using a 
drawing. 

[0010] Drawing 1 is drawing 1 having shown the example of a configuration of the information record regenerative 
apparatus by this invention. Record performed in parallel to record or playback actuation, Acquisition of playback 
positional information is performed as follows. That is, the laser beam by which outgoing radiation was carried out from 
semiconductor laser 1 13 is changed into parallel light, passes a polarization beam splitter 128 and is changed into the 
circular polarization of light by the collimate lens 1 14 with the quarter- wave length board 127. A polarization beam 
splitter 128 shall all penetrate polarization of the outgoing radiation laser beam from semiconductor laser 113 here. 
Furthermore, in an objective lens 126 and SIL (Solid Immersion Lens)122, outgoing radiation light is narrowed down to 
the record film 119 formed on the substrate 120 in the state of the circular polarization of light, and forms an optical 
spot (not shown). Let reinforcement of the laser beam by which outgoing radiation is carried out from semiconductor 
laser 1 1 3 here be a thing low enough at the degree which does not destroy the record magnetic domain on record film 
119 (not shown). Next, the reflected light from record film 1 19 is changed into the linearly polarized light which 
intersects perpendicularly with the outgoing radiation laser beam from semiconductor laser 113 with the quarter- wave 
length board 127 after passing SIL 122 and an objective lens 126. Furthermore, total reflection of this reflected light is 
carried out by the polarization beam splitter 128, and it is narrowed down on a photodetector 1 16 with the detection lens 
115. Therefore, a photodetector 1 16 outputs the reflected light signal on the strength in an optical spot portion. After a 
reflected light signal on the strength is amplified to suitable level by amplifier 109, it is inputted into the address 
recognition circuit 105 and the actuator drive circuit 1 10. Moreover, the GMR element 117 which is a magnetic-flux 
detection means scans the surface of record film 1 19 to the reflection factor detection and coincidence by the light 
explained above, and detects magnetic-flux distribution to them. After the output of the GMR element 117 reflecting the 
array of a record magnetic domain is amplified to required level by amplifier 1 1 1, it is inputted into a decoder 106, the 
actuator drive circuit 110, and the address recognition circuit 105. The address recognition circuit 105 analyzes each 
scan location from a previous reflected light signal on the strength and a previous GMR element signal, and transmits it 
to a system controller 104. A system controller 104 performs suitably control of the actuator drive circuit 1 10, the 
magnetic-head drive circuit 107, and the laser drive circuit 108 according to the record playback demand from the 
positional information and the external instrument of an optical spot and the GMR element 117. According to the 
directions, the reflected light signal on the strength, and GMR element signal from a system controller 104, the actuator 
drive circuit 1 10 performs the drive of VCM (Voice Coil Motor) 1 12, the lens actuator 125, and an actuator 121 so that 
an optical spot may scan the center position of the target recording track (not shown) in suitable size, or so that the 
GMR element 117 may scan the center position of the target recording track appropriately. VCM1 12 moves the slider 
118 fixed to the point of the gimbal arm 124 according to this driving signal, and is positioned in the arbitration location 
on record film 1 19. On the slider 1 18, the base of the record coil 123, SIL122, the GMR element 117, and the lens 
actuator 125 is loaded, and the relative-position relation between SIL122, i.e., an optical spot location and the GMR 
element 1 17, is controlled by the actuator 121. Control of the relative position between SIL 122 and the GMR element 
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1 17 is good by any following methods. That is 5 VCM1 12 controls the location of a slider 1 18 on the basis of the 
location of an optical spot, and an actuator 121 is controlled, or an actuator 121 is controlled so that an optical spot and 
the GMR element 1 17 separate and scan the number of fixed trucks, so that an optical spot and the GMR element 117 
scan the same truck. Or VCM1 12 controls the location of a slider 1 18 on the basis of the location of the GMR element 
117, and an actuator 121 is controlled, or an actuator 121 is controlled so that the GMR element 117 and an optical spot 
separate and scan the number of fixed trucks, so that the GMR element 117 and an optical spot scan the same truck. As 
a line, control relative-position-related [ these ] is good and may always be performed by separating a predetermined 
time interval. 

[001 1] The user data 100 which should be recorded at the time of informational record is received by the system 
controller 104 through the interface circuitry 101 with an external instrument, and is transmitted to an encoder 103 after 
addition of error detection, correction information, etc. if needed. An encoder 103 performs NRZI conversion after a 
modulation (1 7) for the user data 100, and generates the signal reflecting the array of the record magnetic domain on 
data medium. The record wave generating circuit 102 generates the control signal of a record magnetic field, and the 
control signal of laser luminescence reinforcement with reference to this signal. The magnetic-head drive circuit 107 
receives the directions from a system controller 104, drives the record coil 123 according to the control signal of a 
record magnetic field, and generates a record magnetic field into an optical spot portion. Moreover, the laser drive 
circuit 108 also receives the directions from a system controller 104, and the semiconductor laser 113 which is a record 
energy source is driven according to the control signal of laser luminescence reinforcement. The laser beam by which 
outgoing radiation was carried out from semiconductor laser 1 13 is narrowed down in an objective lens 126 and SIL122 
through a collimate lens 1 14, a polarization beam splitter 128, and the quarter- wave length board 127, and heats the 
record film 1 19 on a substrate 120 in the state of the circular polarization of light. Let the heating field by the laser beam 
be a large thing here compared with the impression field of a record magnetic field. Record film 1 19 is a vertical- 
magnetic-recording film which has an easy axis to a film surface perpendicular direction, is more expensive than the 
record magnetic field impressed from the outside, and makes coercive force at the time of heating by the laser beam at 
the time of record lower than a record magnetic field. [ of the coercive force in ordinary temperature ] By controlling 
heating and the record magnetic field by the laser beam, a desired record magnetic domain can be formed on record film 
1 19 as mentioned later. 

[0012] The record film 119 surface is scanned by the GMR element 1 17 at the time of informational playback, and 
magnetic- flux distribution is detected. After the output of the GMR element 117 reflecting the array of a record 
magnetic domain is amplified to required level by amplifier 1 1 1 , it is inputted into the actuator drive circuit 1 10, a 
decoder 106, and the address recognition circuit 105. A decoder 106 restores the data currently recorded by performing 
inverse transformation of an encoder 103, and tells a reload result to a system controller 104. A system controller 104 
processes error detection, correction, etc. if needed, and the user data 100 reproduced through the interface circuitry 101 
is delivered to an external instrument. 

[0013] Drawing 2 is drawing which explained to details actuation of the information record regenerative apparatus by 
this invention shown in drawing 1. Now, the user data 100 should be changed with the encoder 103 at the time of 
record, and the record data 200 should be obtained. The record data 200 is transmitted to the magnetic-head drive circuit 
107 through the record wave generating circuit 102, and generates a record magnetic field near the heating location by 
the optical spot on record film 119. Moreover, a record magnetic field shall be impressed at right angles to record film 
1 1 9. Semiconductor laser 1 1 3 is driven in the shape of [ which synchronized per the minimum change of the record 
magnetic-domain chief along a truck (detection width of window) ] a pulse as the laser luminescence reinforcement 201 
showed the laser drive circuit 108 to coincidence. In the field heated by the optical spot, the coercive force of record 
film 1 19 declines, it is less than a record magnetic field, and magnetization of the field learns in the direction of a record 
magnetic field. Since record film 119 repeats heating and cooling intermittently, moving the center of a heating field at a 
fixed gap with the scan of an optical spot, the magnetization direction of an approximate circle form field is determined 
for every exposure of a light pulse. Record is performed as if the record magnetic domain of abbreviation falcation 
would be formed for the aforementioned approximate circle form field for every exposure of overlap and a light pulse, if 
the exposure gap of a light pulse was shortened. The record magnetic domain 203 is a thing showing this result, and 
looks at the record magnetic-domain configuration on the record film 1 19 formed when record actuation shown in the 
laser luminescence reinforcement 201 and the record magnetic field 202 is performed. The light spot in the 2nd Fig. is 
scanned toward the right from the left, and when a record magnetic field is positive and the magnetic domain (black) of 
the direction of space facing up is [ a record magnetic field ] negative, the magnetic domain (white) of space facing 
down is formed. The above record method is the recording method widely known as light pulse magnetic field 
modulation record which is a kind of heat magnetic recording. Since the ** rule of the size (magnetic domain wall gap 
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of a scanning direction) of a record magnetic domain is hard to be carried out to the size of an optical spot in light pulse 
magnetic field modulation record, in formation of an especially minute record magnetic domain, it is an advantageous 
method. At the time of informational playback, the record magnetic-domain 203 top is scanned with the GMR element 
1 1 7, and a regenerative signal 204 is acquired. The record data 200 which is the result of changing the user data 100 in 
an encoder 103 is reflected, amplification, identification, binary-izing, decode, etc. are processed if needed, and a 
regenerative signal 204 is restored to user data. In addition, although explained taking the case of the record magnetic- 
domain configuration by light pulse magnetic field modulation record in subsequent explanation, this is effective also to 
the record magnetic domain by DC light magnetic field modulation record or light modulation record etc. which is not a 
thing but other heat magnetic-recording methods of the intention which limits record to light pulse magnetic field 
modulation record. 

[0014] Drawing 3 is drawing having shown partially the structure of the information record medium in this invention. 
The vertical-magnetic-recording film 306 is formed on the substrate 305 which has concavo-convex structure 
beforehand as shown in drawing 3. Although a substrate 305 can consider configurations, such as the shape of the shape 
of a disk, the shape of a tape, and a card, it is not necessary to be a specific configuration. Although non-metallic plates, 
such as synthetic-resin boards, such as metal plates, such as aluminum, and a polycarbonate, and carbon, etc. can be 
considered to a substrate 305, the light transmission nature in light source wavelength is not indispensable. Concavo- 
convex structure is formed in the surface of a substrate 305 by an imprint or direct lithography using the same injection 
molding as the conventional CD-ROM etc., and ultraviolet-rays hardening resin etc. With the high (it is a convex and 
close to the GMR element 308 side) land 301, it is relatively formed relatively [ surface / of a substrate 305 ] spirally 
[ the low (it is concave and separated from the GMR element 308 side) groove 300 ] by turns, or in the shape of a 
concentric circle. Moreover, a record magnetic domain is formed of an optical spot at the time of record of user data, 
and the truck 304 of the range which followed band-like [ which is scanned by the GMR element 308 at the time of 
playback ] has the center on a land 301 . The information recording device in this invention explained using Figs. 1 and 2 
forms the record magnetic domain 302 in the truck 304 centering on a land 301 by light pulse magnetic field modulation 
record, and the point of the record magnetic domain 302 which is abbreviation falcation is located in a groove 300 
exceeding a land 301 . The GMR element 308 for playback is scanned for the purpose of the truck center 303 along a 
truck 304. Moreover, the pit 307 where height differs from land 301 flat part (it is concave structure) is formed in the 
land 301 center along the truck center 303. However, in this invention, a pit 307 is not indispensable. The depth of a 
groove 300 and a pit 307 has the high cross protection of light which will be later mentioned if it is about [ of the 
wavelength of a record energy source ] 1/4, and a signal with an expensive modulation factor can be acquired. 
Generally, by the flat part of a land 301, and a pit 307 and a groove 300, it originates in the difference in the thickness of 
the vertical-magnetic-recording film 306, the difference in the stress in the vertical-magnetic-recording film 306 
interior, the difference in the curvature of vertical-magnetic-recording film 306 film surface, the difference in the 
surface roughness of a substrate 305, etc., and coercive force differs. Now, the ordinary temperature coercive force Hcl 
in pit 307 pars basilaris ossis occipitalis or a groove 300 considers as a thing lower than the ordinary temperature 
coercive force Hc2 of land 301 flat part temporarily. Then, the magnetic-domain distribution which was in agreement 
with the configuration of a pit 307 when the next time after magnetizing the whole uniformly in a magnetic field 
perpendicular to a film surface stronger enough than Hc2, for example is stronger than Hcl at the reverse sense and the 
reversal magnetization of pit 307 pars basilaris ossis occipitalis or the groove 300 was partially carried out in the less 
than two-He magnetic field is acquired. Or after heating the vertical-magnetic-recording film 306 whole to the degree to 
which a perpendicular magnetic anisotropy does not fall where a fixed external magnetic field is impressed, and 
magnetizing the whole in the uniform direction, If it cools after reversing the direction of an external impression 
magnetic field at temperature which becomes below the coercive force of land 301 flat part [ a flat part / it is / flat part / 
beyond the coercive force of pit 307 pars basilaris ossis occipitalis / a pars basilaris ossis occipitalis / an external 
impression magnetic field / to make it start flux reversal or a groove 300, and ] to make it start flux reversal The 
magnetization distribution which was in agreement with the configuration of a pit 307 is realizable. The paint color and 
the arrow head of the vertical-magnetic-recording film 306 surface in drawing 3 show the magnetization direction of a 
magnetic domain here, and the magnetization (facing down) to which white goes to a substrate side from a space side 
about the vertical-magnetic-recording film 306, and black express the magnetization (facing up) which goes to a space 
side from a substrate side about record film. However, since a reversal magnetic domain can be partially formed if 
explanation here does not specify the magnetization direction in the size relation or the concavo-convex structure 
between Hcl and Hc2 and a difference is in Hcl and Hc2, if the positional information on a record medium is made to 
reflect in the configuration of a pit 307, and arrangement, it can use for pinpointing of the location of the GMR element 
308. For example, what is necessary is for the sample servo system using the reversal magnetic domain in a pit 307 etc. 
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just to perform servo actuation of the GMR element 308. On the other hand, pinpointing of an optical spot or an optical 
exposure location is performed using the diffraction of light by the groove 300, or interference of the light by the pit 
307. What is necessary is for the push pull method by the groove diffracted light and the sample servo system by the pit 
307 just to generate an error signal about the optical spot from the truck center 303, and the error based on optical 
exposure locations. Moreover, about discernment of the truck 304 on a record medium, the pit 307 which shows a truck 
identification number according to a predetermined regulation is formed, and a signal is acquired by reflection factor 
change of the appearance by interference of light. It is the error signal generation methods generally used widely (for 
example, 1989, radio technical company ** "optical disk technology", 95 etc. pages of ISBN 4-8443-0198-5, etc.), and 
a push pull method or the sample servo system by the pit omits detailed explanation here. However, since the amount of 
reflected lights will decrease extremely and generation of an error signal will become difficult if the width of face of a 
land 301 and a groove 300 is equal when the depth of a groove 300 is about [ of the wavelength of a record energy 
source ] 1/4, when the output swing of a magnetic- flux detection means is taken into consideration, it is desirable [ a 
land 301 ] that it is broader than a groove 300. Moreover, there is no essential difference from a viewpoint of optical 
phase contrast also at concave structure or convex structure of a groove 300 and 307 pit. However, when recording on a 
land 301, as for the viewpoint and the below-mentioned reason of destruction of the GMR element 308 by collision to a 
groove 300 and a pit 307, it is desirable that it is concave structure to a land 301. Moreover, the reversal magnetic 
domain by the pit 307 may be used for record of User Information itself beforehand fixed in a record-medium 
manufacture phase like CD-ROM etc. 

[0015] Drawing having shown the desirable record playback method [ in / in drawing 5 / this invention ] and drawing 4 
are drawings having shown the record playback method which this invention does not mean. Figs. 4 and 5 are mimetic 
diagrams at the time of seeing an information record medium from the playback side by the vertical-magnetic-recording 
film surface side 404,504, i.e., a GMR element. The land 407 serves as a convex as compared with the groove 406, and 
is close to the GMR element 404. Moreover, the land 507 also serves as a convex as compared with the groove 506, and 
it is close to the GMR element 504. The rectangle of the GMR element 404,504 shall express the field where a GMR 
element has sensitivity. In addition, although the pit [ as / in drawing 3 ] 307 was omitted, this does not mean about the 
existence of the necessity of a pit 307. 

[0016] As shown in drawing 4, when the width of face of the record magnetic domain 405 is narrower than the 
sensitivity width of face of the truck rectangular cross direction (radial) of the GMR element 404 and the both ends of 
the record magnetic domain 405 have not reached a groove 406 (the record playback method which is not meant by this 
invention), it will scan to the point of the record magnetic domain 405 of abbreviation falcation by light pulse magnetic 
field modulation record. Therefore, in the point and center section of the record magnetic domain 405, the time of day 
when the GMR element 404 passes a magnetic domain wall differs. For this reason, the response from the record 
magnetic domain 405 spreads in the direction of a time-axis, and the fall of re-biodegradation ability is brought about as 
a result. Moreover, at the tip of the record magnetic domain 405 of abbreviation falcation, magnetic domain walls 
approach very much and it is easy to generate the magnetic-domain configuration which becomes unstable and is not 
expected. Since the response from this portion becomes a different thing from the user data originally recorded, it serves 
as a noise at the time of reproducing a truck N402 top with the GMR element 404, and serves as hindrance of normal 
user data playback. In order to avoid the above problem, it is also possible to narrow the sensitivity width of face of the 
truck rectangular cross direction of the GMR element 404, and to reproduce near the truck center section of the record 
magnetic domain 405, but generally, since the output signal amplitude of a magnetic-flux detection means is 
proportional to the sensitivity width of face of the truck rectangular cross direction, it cannot be narrowed recklessly. 
Moreover, since the record magnetic domain 405 is settled in the flat part of a land 407 here, as for existence of a 
groove 406, semantics is not made especially at the time of playback. That is, even when there is no groove 406, re- 
biodegradation ability does not change. 

[0017] On the other hand, drawing 5 shows the record playback method which this invention means, the width of face 
of the record magnetic domain 505 is wider than the width of face of a land 507, and the point of the record magnetic 
domain 505 of abbreviation falcation has reached in the groove 506. This is easily realizable by strengthening the record 
power at the time of record (peak value of the laser luminescence reinforcement in a record film surface), expanding the 
heating field for every light pulse, or raising the thermal record sensitivity of a record medium etc. Moreover, when the 
width of face of the record magnetic domain 505 of abbreviation falcation becomes large, the radius of curvature of a 
magnetic domain wall also becomes large inevitably. Although the GMR element 504 will be scanned like the case of 
drawing 4 also in the case of drawing 5 to the point of the record magnetic domain 505 of abbreviation falcation by light 
pulse magnetic field modulation record, near the point of the record magnetic domain 505 will exist in a groove 506, 
and will separate from the GMR element 504 by the depth of a groove 506 compared with the magnetic domain on a 
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land 507. The surfacing distance from the record film surface of the GMR element by which current utilization is 
carried out is about 30nm, and surfacing distance tends to decrease increasingly along with future densification. If the 
same process as the conventional optical disk is used, a groove 506 can be formed in the depth of arbitration with a 
depth of several nm - lOOnm or more. Therefore, on the land 507 surface and the groove 506 surface, the distance to the 
GMR element 504 will differ sharply, and the effectiveness which the magnetic domain in a groove 506 contributes to a 
GMR regenerative signal falls sharply. Even if it reproduces a truck N502 top with the GMR element 504 by these, the 
fall of the re-biodegradation ability resulting from the point of the record magnetic domain 505 of abbreviation falcation 
and generating of a noise are avoidable. Moreover, since a portion with the large radius of curvature of a magnetic 
domain wall mainly contributes to a GMR regenerative signal on a land 507, the breadth of the response to the direction 
of a time-axis at the time of playback is stopped, and it becomes increasingly advantageous about high-resolution 
playback. When the length which applied the width of face of a land 507 the twice of the width of face of a groove 508 
is exceeded, in addition to the record magnetic domain on an aim truck, the response from the record magnetic domain 
of an adjoining truck increases, and it becomes impossible to expect normal information playback with a playback cross 
talk, although the sensitivity width of face of the truck rectangular cross direction of the GMR element 504 is equal to 
the width of face of a land 507 or its ******** is more desirable than it a little here. 

[0018] Drawing 6 is drawing having shown the improvement effect of the regenerative signal by this invention. What 
produced the TbFeCo vertical-magnetic-recording film of 30nm of thickness on the polycarbonate substrate with the 
width of recording track of 600nm, a groove width of face [ of 300nm ], and a groove depth of 1 OOnm was used for the 
record medium. The inclination of the slant face between a land and a groove is about 60 degrees. Moreover, the 
sensitivity width of face (5-95% sensitivity width of face) of the truck rectangular cross direction of the GMR element 
used for playback was [ 0.2 micrometers and the surfacing height of 1 .0 micrometers and shield gap length ] 30nm from 
the land side. The monotone signal with a period of 0.2-1.0 micrometers was first recorded on conditions with a linear 
velocity of 5m [/s ] by 50% [ of duty ratios of a record light pulse ], and record power 5mW, and 8mW. Next, these 
record magnetic domains were observed using the magnetic force microscope. The record magnetic domain has stopped 
in the land at record power 5mW o'clock, and it checked that the record magnetic domain had spread in the groove of 
both ends exceeding a land at record power 8mW o'clock. The cross light with which the adjoining truck of the purpose 
truck is affected on the occasion of record actuation in any case, and crossing erasion were not generated. Next, signal 
regeneration was performed using the GMR element and the carrier-to-noise ratio of a regenerative signal was 
measured. The direction at the time of increasing record power and forming a record magnetic domain in a groove is 
improved sharply [ a carrier-to-noise ratio ] in all the ranges so that clearly from drawing 6. 
[0019] Drawing 7 is drawing having shown the sensitivity width of face of the truck rectangular cross direction of a 
GMR element and the relation of a regenerative signal to this invention. Using the same thing as what was used for the 
record medium in drawing 6, the monotone signal with a period of 1.0 micrometers was recorded on one truck at 50% of 
duty ratios of record power 8mW and a record light pulse, and the adjoining truck of an aim truck presupposed that the 
magnetic domain of the shape of an irregular maze has existed without initializing. Next, the aim truck was reproduced 
with two or more GMR elements from which the sensitivity width of face of the truck rectangular cross direction 
differs, and the carrier-to-noise ratio of a regenerative signal was measured. It has been improved as sensitivity width of 
face was expanded, and the carrier-to-noise ratio is mostly saturated in about 0.9-1.3 micrometers. When sensitivity 
width of face exceeded 1.3 -micrometer order, the noise increased under the effect of the non-initialized field of an 
adjoining truck, and the carrier-to-noise ratio deteriorated. 
[0020] 

[Effect of the Invention] According to this invention, deterioration of the re-biodegradation ability which originates in 
the curve of a magnetic domain wall peculiar to heat magnetic recording in the information record regenerative 
apparatus using the record medium holding information by the record magnetic domain on the magnetic-recording film 
produced by the base surface which has concavo-convex structure on the surface is suppressed. Moreover, generating of 
the noise which originates at the tip of the record magnetic domain of abbreviation falcation is also suppressed. It 
becomes possible to raise recording density, without using the low special magnetic- flux detection means of the yield by 
the above, and it becomes possible to reduce the cost per capacity of an information record regenerative apparatus. 
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